Abstract. We present a systematic search for new neighbourhood stars among the Liverpool-Edinburgh high proper motion survey which we cross-identified with the DENIS survey. Their high proper motions ensure that they are not giant stars. The distances are estimated using DENIS photometry and we found that 100 stars probably lie within 25 parsecs from the Sun. They are mostly M-dwarfs, and 10 are probably white dwarfs. This is the first distance estimate for 84 stars among them. 10 stars, L 170-14A, DENIS J0146291-533931, DENIS J0235219-240038, LP 942-107, DENIS J0320518-635148, LTT 1732, DENIS J0428054-620929, DENIS J2210200-701005, DENIS J2230096-534445, and NLTT 166-3 are estimated to be closer than 15 parsecs. In addition, one star, DENIS J2343155-241047, could also lie within 15 pc if it belongs to the halo.
Introduction
Whereas most stars more luminous than M V = 7 have been detected in the solar neighbourhood (Jahreiss, 1994) , intrinsically low luminosity objects such as white dwarfs, M dwarfs and brown dwarfs may have escaped our telescopes. Yet M stars are the dominant stellar constituent of the Milky Way, and the number density of brown dwarfs may be comparable to that of stars (Reid et al., 1999) .
From a nearby-star inventory, estimated that so far 130 systems are missing from the solar neighbourhood sample within 10 pc. Within 25 pc, the distance limit of the Catalogue of Nearby Stars (CNS3, Gliese & Jahreiss, 1991) , the missing fraction could be twice, that is ∼70% (Henry et al., 2002) . These numbers were obtained on the assumption that the census is complete within 5 pc. However, recent discoveries of a M5.5 star at trigonometric distance d = 3.7 pc , a M9 dwarf at spectroscopic distance d ∼ 4 pc (Delfosse et al., 2001 ) and a M6.5 star at spectroscopic distance d ∼ 3 pc (Teegarden et al., 2003) suggest that even members of the immediate solar neighbourhood remain undetected.
Projected on the sky, the apparent velocity of closer stars is greater that of farther stars. Thus, most of our Send offprint requests to: Céline Reylé ⋆ Partly based on observations made at the European Southern Observatory, La Silla, Chile known neighbours have high proper motions. From the NASA NStars database, we see that almost all of the known stars within 10 pc have a proper motion larger than 0.2 ′′ yr −1 (see http://nstars.arc.nasa.gov). For many stars in high proper motion catalogues no distance has been determined yet. As part of the Research Consortium on Nearby Stars (RECONS) effort to discover new nearby stars, Henry et al. (2002) obtained spectral types for high proper motion stars and candidate nearby stars and found that six of them were closer than 25 pc.
Furthermore, the new surveys in the near-infrared DENIS and 2MASS provide unprecedented data for a systematic search for low luminosity cool dwarfs and brown dwarfs. The use of these data together with existing or new high proper motion catalogues is a powerful tool for discovering our neighbours. Hundreds of stars closer than 25 pc have been discovered this way , 2003 Reylé et al., 2002; Scholz et al., 2002; Cruz et al., 2002 Cruz et al., , 2003 . Nearby stars have also been found in high proper motion catalogues from spectroscopic follow-up observations (Lépine et al., 2003a; Rojo & Ruiz, 2003) .
In a previous paper (Reylé et al., 2002) , we presented the determination of the photometric distances of stars taken from the Scholz et al. (2000) high proper motion catalogue and cross-identified with the DENIS survey. Near-infrared photometry was used to determine the distances. 15 new stars were found to fall within the 25 pc CNS3 limit. Spectroscopic distances should soon be obtained for selected nearby candidates from low-resolution spectroscopic observations on the New Technologies Telescope at La Silla observatory in Chile.
Recently, Pokorny et al. (2003) published a large catalogue of high proper motion stars, the LiverpoolEdinburgh high proper motion survey. One of the purposes of this catalogue is to identify nearby objects. We have determined the photometric distance of the stars crossidentified with the DENIS survey.
This high proper motion catalogue is briefly described in Sect. 2. Sect. 3 gives the result of the cross-identification with DENIS, presents the determination of photometric distances, and gives a list of the stars closer than 25 pc. The accuracy of our distance estimates is discussed in Sect. 4.
2. The Liverpool-Edinburgh high proper motion survey Luyten (1979 Luyten ( , 1980 (Giclas et al., 1971 (Giclas et al., , 1978 . Still, these catalogues are not complete at faint magnitudes and large proper motions (Dawson, 1986) , particularly south of declination −33
• which is the southern limit of the POSS. Several studies have contributed to improve the completeness in the Southern hemisphere: Wroblewski & Torres (1997) and references therein; Wroblewski & Costa (1999 , 2001 ; Ruiz et al. (1993) ; Scholz et al. (2000) ; Ruiz et al. (2001) . In the Northern hemisphere, new large proper motion stars were also found (Lépine et al., 2002; Lépine et al., 2003b) . Pokorny et al. (2003) We found that 4167 objects of the LEHPMS catalogue have a counterpart in the DENIS database. Most of the non-recovered stars lie in the unprocessed regions of the DENIS survey. We have checked that they have no USNO A2.0 counterpart at the position at the epoch of the DENIS observation, as expected for proper motion objects. We made the cross-identification with a search radius of 3 ′′ (3σ given the DENIS astrometric precision). Within this area, 1% of the cross-identifications may be false, as discussed in Reylé et al. (2002) . The colourmagnitude diagram of the cross-identified stars is shown in Fig. 1 . Three regions appear in this graph, from the lower left to the upper right: white dwarfs, halo subdwarfs, and disc main sequence stars. (Baraffe et al., 1998) . Solid line with I−J < 1: theoretical relation for white dwarfs of 0.6 M ⊙ at 10 pc (Bergeron et al., 1995) . Dashed line: calibrated relation at 10 pc from Phan-Bao et al. (2003) .
According to Leggett (1992) all objects with I − J > 1 are M dwarfs or later. The reddest object (I − J = 3.2) is a brown dwarf. Stars with I − J ≤ 1 are G and K dwarfs. Stars with I − J < 0.7 can be either distant red dwarfs or close white dwarfs. As shown by Pokorny et al. (2003) , white dwarfs in the LEHPMS can be separated from red dwarfs using the reduced proper motion. Close white dwarfs are expected to have a higher proper motion at a given apparent magnitude, or to be fainter at a given distance. Thus they have higher reduced proper motions than distant red dwarfs. We isolated the white dwarfs using the reduced proper motion H I = I + 5 × log µ + 5. Fig. 2 shows the colour-reduced proper motion diagram. Stars left of the solid line are most probably white dwarfs. Indeed, if not considered white dwarfs, their distance would be very large and consequently their tangential velocity v t = 4.74 × µ × d would be above the Milky Way escape speed of about 400 km s −1 (Leonard & Tremaine, 1990; Meillon et al., 1997) . Our sample contains 42 white dwarfs. However, given the photometric and astrometric uncertainties, our red dwarfs sample may still contain white dwarfs that lie on the right side of our limit and are misidentified. 
Distance determination
Given the I − J colour of each star, we computed its distance modulus and distance using (I − J,M I ) colourmagnitude relations. For the objects considered white dwarfs, we used the theoretical relation obtained from the Bergeron et al. (1995) model atmosphere of 0.6M ⊙ white dwarfs (solid line in the left part of the diagram in Fig. 1 ). All white dwarfs in our sample are beyond 10 pc. For the G and K dwarfs, we used the Lejeune et al. (1997) relation at solar metallicity. For the remaining objects, the M dwarfs, we used the relation at solar metallicity from Baraffe et al. (1998) (solid line on the right of the diagram in Fig. 1 ). The dashed line in Fig. 1 shows the relation computed by Phan-Bao et al. (2003) , obtained by a polynomial fit on DENIS M dwarfs with known trigonometric parallaxes. The discrepancy between both relations is quite large for 1 < I − J < 2, where the difference in absolute magnitude can be as high as 0.8 mag. The use of both relations for distance determination is discussed in Sect. 4. However, the intrinsic scatter of the Phan-Bao et al. (2003) sample is about ±1 mag, and, as the authors pointed out, their sample may contain unresolved binaries that would bias their relation. We therefore chose to use the Baraffe et al. (1998) theoretical relation.
Few objects are above the solid line in Fig. 1 , that is closer than 10 pc. One should be aware of the saturation that occurs in the I band for stars brighter than I ≃ 9. Thus, a wrong I value of the brightest object brings it to a distance of 1.3 pc, whereas the trigonometric distance measured by HIPPARCOS is 8.8 pc (Perryman et al., 1997) . The reddest object is the already known brown dwarf LP 944-20 at trigonometric distance d = 5 pc (Tinney, 1996) . 97 stars have a photometric distance smaller than 25 pc. Their characteristics are given in Table 1 . Approximate spectral types derived from the Leggett (1992) colour-spectral type relation are indicated. These stars are mostly M-dwarfs, except 10 probable white dwarfs. M-dwarfs are mainly from spectral type M3 to M6. Three objects that have a M7 spectral type are ultracool dwarfs, as defined by Kirkpatrick et al. (1997) . Six additional ultra-cool dwarfs with spectral type M7 to M8 are found to be within 25 to 32 pc of the Sun. Although they are just beyond the CNS3 limit, we think they are important enough to be listed in Table 2 .
Discussion
Our results include stars with a previously known distance, 17 of them being among our candidates closer than 25 pc. Their distance and the method of its determination are given in Table 3 , as well as our determinations using Baraffe et al. (1998) (2003) relation is used. Neither of the two relations seems to give results that are significantly better according to already published distances, in particular trigonometric distances which are the most accurate. Indeed, the standard deviation of the difference between our distances and other Leggett (1992) determinations is 4 pc regardless of the colour-magnitude relation we used. The mean of the difference is larger when we use the Phan-Bao et al. (2003) relation (3 pc) than when we use the Baraffe et al. (1998) relation (1.5 pc) . This could be due to the presence of unresolved binaries in the Phan-Bao et al. (2003) sample.
The comparison between published distances and our determination obtained with the Baraffe et al. (1998) relation is shown in the lower panel of Fig. 3 . The difference ∆d is plotted as a function of our distance d. The stars which distance has been determined by Reylé et al. (2002) are not included in the plot as the values are identical, the method used being the same. The meaning of symbols and error bars is the same as before. The plot tends to show that our method suffers no systematic bias. The largest differences are with other photometric distances for which the errors are large and that may be biased. The errors in our estimations are also large. An error of 1 mag in the absolute magnitude M I can lead to an error in the distance as large as 45%. On the one hand, given the uncertainties on the DENIS colour, the error on the absolute magnitude can reach 1 mag in the steepest part of the colour-magnitude relation, for I − J ≤ 1.5, that is for M4 stars and earlier. For stars later than M4, the error is twice as small. On the other hand, the uncertainties in the (I − J,M I ) relations can also be of the order of 1 mag. Our nearby candidates listed in Table 1 all lie in the right part of the colour-reduced proper motion diagram where stars are most probably disc stars (Fig 4) . Thus their distance has been determined with the theoretical relation with the correct metallicity. But the use of a theoretical relation (I − J,M I ) at solar metallicity leads to an overestimate of the distances of the old population stars. According to Baraffe et al. (1998) theoretical relations at different metallicities, the stars with the mean halo metallicity (−1.8 dex) are expected to be 3 to 4 magnitudes brighter than those with solar metallicity.
Using the colour-reduced proper motion diagram, Pokorny et al. (2003) found that about 20% of the stars in the LEHPMS are halo subdwarfs. To isolate the halo subdwarfs using the reduced proper motion is even more difficult than the separation of white dwarfs as described in Sect. 3.1. We used both (I − J,H I ) and (B j − I,H Bj ) diagrams to try to isolate halo subdwarfs. We computed their distance using a theoretical colour-magnitude relation at metallicity −1.8 dex, interpolated from the Lejeune et al. (1997) and Baraffe et al. (1998) relations at different metallicities. Three stars that could be halo subdwarfs are found to be closer than 25 pc. Their characteristics are given at the end of Table 1 and Fig 4 shows their locus in the colour-reduced proper motion diagram. Most of them lie close to the limit we defined to isolate the subdwarfs. Our sample probably contains misidentified halo subdwarfs also close to the limit but on the right hand side.
Conclusion
We made a systematic search for nearby stars by crossidentifying the Liverpool-Edinburgh high proper motion survey with the DEep Near-Infrared Survey DENIS. The photometric distance is determined using DENIS photometry. 100 stars are found to be closer than the 25 pc limit of the CNS3. 10 are white dwarfs, 3 may be halo subdwarfs, the remainder are disc M dwarfs, mainly from spectral type M3 to M6. It is the first distance determination for 83 among them. 20 stars are found to be closer than 15 pc, of which for 10 stars there was no previously known distance: L 170-14A, DENIS J0146291-533931, DENIS J0235219-240038, LP 942-107, DENIS J0320518-635148, LTT 1732, DENIS J0428054-620929, DENIS J2210200-701005, DENIS J2230096-534445, and NLTT 166-3. If it is a halo subdwarf, DENIS J2343155-241047 may also be closer than 15 pc.
Given the large uncertainties in the photometric distances (up to 45% in some cases), follow-up observations of these candidates are needed. Low-resolution spectroscopy would assess the spectral type and provide more accurate determinations. This work should help in increasing the solar neighbourhood census. The nearest stars provide accurate data on fundamental parameters of stellar physics, such as luminosity, temperature, and mass. In particular, our understanding of low-mass stars relies upon the nearby stars, as they provide the only sample of intrinsically faint stars. They also are interesting targets for the future missions Terrestrial Planet Finder and DARWIN that will concentrate on very nearby stars to search for Earth-like exoplanets. Table 3 . Stars with previously known distance d ′ . The method used to determine the distance is indicated. Our two determinations obtained with Baraffe et al. (1998) and Phan-Bao et al. (2003) 
